OBJECTIVE: The aim of this work was to examine the relationship between cardiac autonomic function and urinary albumin excretion in obesity. SUBJECTS: These were 27 obese non-diabetic postmenopausal women and 18 non-obese healthy postmenopausal women. MEASUREMENTS: Urinary albumin excretion as well as plasma nitrate, both indices of capillary function, were measured. Power spectral analysis of heart rate variability was performed, as a measurement of vagal function. An oral glucose tolerance test (OGTT) was performed and blood lipids were analysed. RESULTS: The obese women were characterized by higher fasting insulin, sum of glucose, triglycerides and lower high density lipoprotein cholesterol (HDL), the latter of borderline signi®cance, than controls. Urinary albumin excretion (UAE), plasma nitrate and heart rate variability were not different between obese and control women. However, in obese women log UAE correlated positively with systolic and diastolic blood pressure, and inversely with heart rate variability, the latter independent of body mass index (BMI) and the waist/hip circumference ratio. CONCLUSION: It was concluded that this inverse association between UAE and parasympathetic activity in obese women may be an early sign of derangements of endothelial function and autonomic nervous system control, which may contribute to the increased risk of cardiovascular mortality in abdominal obesity.
Introduction
An increased rate of urinary albumin excretion (UAE) is associated with an increased risk of cardiovascular morbidity and mortality in patients with hypertension and diabetes mellitus. 1±7 Furthermore, slightly elevated UAE (microalbuminuria) has been reported to be associated with premature mortality in the general population. 8, 9 Statistical relationships have been found between UAE and established risk factors for cardiovascular disease (CVD) such as blood pressure, 10±12 dyslipidaemia, 11±13 impaired glucose tolerance, 14 insulin resistance, 15, 16 left ventricular hypertrophy 17 and blood coagulation abnormalities as well as disordered endothelial function. 16, 18, 19 UAE has also been shown to be associated with an increased intima-media thickness of the common carotid artery in hypertensive men with diabetes mellitus. 20 Obesity, and particularly visceral obesity, 21 is frequently associated with risk factors for CVD as well as non-insulin dependent diabetes mellitus (NIDDM). Previous studies have demonstrated that obese subjects often have elevated UAE without an apparent relationship to hypertension or diabetes mellitus 22, 23 and it has recently been shown that UAE was also positively related to the waist-to-hip ratio (WHR). 24 UAE might be considered an early sign of derangement of endothelial function, which is of particular interest in visceral obesity since this pattern of body fat distribution seems to be a precursor state to NIDDM. 25 The microcirculation is also dependent on cardiovascular autonomic nervous system control. Cardiovascular autonomic function has been studied using power spectrum analysis of heart rate variability thereby applying spectrum estimation techniques to R-R interval data measured by electrocardiogram (ECG), and has been shown to be a useful and noninvasive tool for assessing autonomic function, in particular vagal activity. 26, 27 Both increased UAE 4±6 and autonomic dysfunction 28 are early defects found in NIDDM. In obesity data on autonomic nervous control are contradictory. 29±31 Since a decreased vagal tone has been shown to be an independent risk factor for cardiovascular mortality 32 we considered it of interest to further examine the relationship between heart rate variability, UAE and obesity. Furthermore, nitric oxide is a main product of endothelial cells in capillaries 33 and therefore it was considered to be of interest to also determine nitric oxide as a putative marker of capillary function.
Subjects and methods
A total of 45 postmenopausal (amenorrhea b1 year) women aged between 50 ±70 were studied. Obesity was arbitrarily de®ned as a body mass index (BMI) b 25.0. 27 women were obese with a BMI of 32.2 AE 0.6 (Mean AE s.e.m.), and 18 non-obese with a BMI of 23.3 AE 0.3. The obese women were recruited by advertisement in a local newspaper and the controls from an ongoing health survey of women in the city of Go Èteborg. They were included in the study if they were healthy, nonsmokers and not regularly taking any medication.
All patients gave informed consent to the study, which was approved by the Ethics Committee of Go Èteborg University.
Body weight was recorded to the nearest 0.1 kg with subjects in underwear and height was measured to the nearest centimeter. Waist and hip circumferences were measured following recommendations by WHO, 34 and the WHR was calculated. BMI was calculated as body weight in kg divided by height 2 (kg/m 2 ). UAE was determined in two 10 h overnight urine samples by Albumin RIA (Pharmacia Diagnostics, Uppsala, Sweden) with a coef®cient of variation of 7%. The mean value was used.
Plasma nitrate was measured after three days of low-nitrate diet with gas chromatographyamass spectrometry, as described elsewhere. 33 Systolic and diastolic blood pressures were recorded in the supine position after a 10 min rest. A TriCuff (Pressure Group Ltd, Ja Èrfa Èlla, Sweden) was used and the disappearance of the Korotkoff sounds (phase V) was taken as diastolic blood pressure.
An oral glucose tolerance test (OGTT), 100 g glucose dissolved in water, was performed in the morning after an overnight fast. Venous blood samples were taken for determinations of glucose (glucose oxidase, KEBO, Stockholm, Sweden), and plasma insulin by radioimmunoassay (Kabi Pharmacia, Uppsala, Sweden), at 0, 30, 60, 90 and 120 min.
Fasting serum cholesterol and triglycerides were determined by enzymatic, semi-automated methods (Boehringer, Ingelheim, Germany), and high density lipoprotein cholesterol (HDL) as previously described. 35 Measurements of heart rate variability Experimental procedure. The measurements were performed between 13.00±15.00 h after a 3 h fast. The laboratory in which the examinations were performed had a steady temperature of 25 C. The light was dimmed and the subjects rested on a bed in the supine position for 10 min. Thereafter the recordings started. ECG and respiratory signals were recorded on line to a personal computer (PC 486-DX, Taipeh, Taiwan) with a back-up of a FM tape recorder (Teac MR-30, Tokyo, Japan). The spectral component analysis of heart rate variability was performed by the computer with a software program (The Effect Spectrum Program, version 3.26, Chalmers University of Technology, Go Èteborg, Sweden).
At ®rst, 5 min of spontaneous respiration was recorded followed by 5 min of controlled respiration, during which the subjects were instructed by a computer voice to breathe normally at a pace of 15 breathsamin.
Since variability for registrations during controlled respiration is less than during spontaneous respiration (3.7% vs 6.4%, unpublished data) and also varies with respiration frequency, only the values from controlled respiration were used. The variability was calculated from a reproducibility study, where means and standard deviations (s.d.s) for differences between two examinations were calculated. Inter and intraobserver error(s) were then calculated according to the formula s s.d.a p 2. The coef®cient of variation (CV)
describes the difference as a percentage of the pooled mean values (Mx) and was calculated according to the formula; CV s*100/Mx %.
Data analysis. The power spectrum of heart rate variability contains two major components, the respiratory sinus arrhythmia (RSA) component centered around the respiratory frequency and the Mayer wave sinus arrhythmia component between 0.04±0.15 Hz. Since the RSA component of heart rate variability is mediated solely by the vagus and its magnitude provides a quantitative index of cardiac vagal tone, 36 the analysis was concentrated upon this variable, which in our case centered around 0.25 Hz (15 breaths/min), see Figure 1 .
RSA was estimated by means of an autoregressive power spectrum analysis of R-R interval. 36 The spectra were divided into frequency components using a decomposition method. The respiration synchronized activity was measured as the area under the frequency component corresponding to the respiration rate.
By means of power spectral analysis the respiration synchronous R-R interval variability ( p Power RSA) was determined. In order to normalize for differences in mean R-R between subjects the component CV (CCV) was calculated as follows 36, 37 : gg e p ower e men E The CCV RSA shows a linear correlation with cardiac vagal tone and is independent of changes in sympathetic tone.
36,37

Statistics
Results are given as Mean AE s.e.m. The Mann-Whitney U-test for comparison between groups was used.
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The simple regression and the multivariate analyses were performed with the Macintosh Statview Package. A logarithmic transformation was used to normalize the skewed distribution of UAE and nitric oxide (NO) values. All tests were two-tailed and Pvalues`0.05 were regarded as indicating statistical signi®cance.
Results Table 1 shows the results of the variables determined in obese and lean women. The groups did not differ in age and height. Obese women had higher body weight, BMI and WHR, the latter suggesting central fat distribution. Insulin, sum of insulin, sum of glucose and triglyceride values were higher, and HDLcholesterol lower (borderline signi®cance) in obese women. There were no differences in UAE, plasma nitrate, heart rate, mean R-R, respiratory frequency, p Power RSA or CCV RSA , between the two groups. The 95% con®dence interval (CI) for the differences in means for UAE were, obese women (3.5±5. Further analyses were now directed towards correlations between log UAE and selected variables in the obese women (Table 2) . Log UAE correlated with systolic blood pressure (r 0.43, P`0.05), diastolic blood pressure (r 0.40, P`0.05) and CCV RSA (r 7 0.58, P 0.01, Figure 2 ). There were no signi®cant correlations between log UAE and these selected variables in the control women (not shown).
Multivariate analyses were next performed with log UAE considered as a dependent variable. Table 3 illustrates the results when BMI and WHR were included as confounding variables in the regression analysis between log UAE and studied variables. When BMI andaor WHR were included, the signi®-cant relationships in univariate analysis, between log UAE and systolic and diastolic blood pressure, disappeared, but the association between log UAE and CCV RSA remained signi®cant, independent of BMI and WHR. Furthermore, the latter association also remained unchanged when controlling for blood pressure (not shown).
Discussion
In comparison with control women, the group of obese women had higher insulin, sum of glucose and triglyceride values, and seemingly lower HDLcholesterol. The obese women had a predominantly central body fat distribution. UAE, plasma nitrate and CCV RSA were not signi®cantly different between the two study groups, although CCV RSA tended to be lower in the obese women.
In univariate analyses, it was found that systolic and diastolic blood pressure and CCV RSA were related to log UAE, but this was only the case in obese women, while no relationships were found in the controls. In multivariate analyses, only the relationship between log UAE and CCV RSA remained signi®cant when adjusting for BMI, WHR and blood pressure.
The prevalence of microalbuminuria in the nondiabetic obese population varies between 7±13%. 22, 24 In the present study, none of the obese subjects had where an elevated UAE between 20 mg/min and 200 mg/min was considered as microalbuminuria and excretion rate below this range was considered normal. Nevertheless, although UAE was not abnormally elevated in obese or lean women in this report, UAE was correlated with both systolic and diastolic blood pressure in the obese women.
Previous studies have shown that obese subjects with elevated WHR have signs of capillary defects in terms of a low density of muscle capillaries. 39, 40 UAE might be considered as another sign of capillary defect with minor amounts of albumin leaking through the capillaries of the renal glomeruli, and in a previous study 24 it was demonstrated that obese subjects with microalbuminuria had signi®cantly higher WHR. In the present study, however, we found only a weak, non-signi®cant relationship between UAE and WHR (P 0.12). The inconsistency with the previous report 24 may be due to differences in sample size, menopausal status of the subjects and the absence of microalbuminuria in the present group.
The main ®nding in this study was the inverse association between log UAE and CCV RSA , which has not been demonstrated in obese subjects before. Mo Èlgaard et al reported that insulin-dependent diabetic subjects with microalbuminuria had a reduced heart rate variability, 41 which may partly explain the high risk of early cardiovascular death in these patients. Our results may indicate that increasing UAE may be associated with decreasing heart rate variability, i.e. an impaired vagal tone, also in women with predominantly abdominal obesity. This conclusion must, however, be considered with caution since none of the obese subjects had a manifested microalbuminuria.
Since this relationship was only found in the obese women, it may be hypothesized that this association is only found above a certain threshold value of BMI or WHR, although the relationship was independent of BMI and of body fat distribution in a multivariate analysis. The heart rate variability was, however, not signi®cantly different between obese and lean women, although obese women seemed to have at most a tendency to a lower parasympathetic activity. Our data are therefore, at least partly, in accordance with previous studies, 29, 42 which reported a depression of parasympathetic activity in obese women in comparison with lean women.
In a recent study, Gao et al 30 demonstrated an increase of both sympathetic and parasympathetic cardiac activity, as measured by power spectral analysis, in visceral obese women compared to women with lower body obesity. The dissimilar results in the latter study compared with our study may be due to the lack of comparison of the heart rate variability with lean controls in that study. In abdominal obesity, discussed above, capillary abnormalities, 39, 40 such as microalbuminuria 22±24 and a defective cardiovascular autonomic nervous system control, 30 are reminiscent of those seen in NIDDM. One may speculate that the relationship between UAE and CCV RSA might be early signs of features seen full-blown in NIDDM, here discoverable in the prediabetic condition of abdominal obesity. Interestingly, this association was even found although none of the obese subjects had microalbuminuria and the mean UAE was not different from that of lean women.
The concentration of plasma nitrate, produced as nitric oxide from capillaries, was measured as a marker of endothelial function. Nitrate is the major metabolite of NO, 33 and plasma nitrate may be considered to re¯ect the overall body formation of NO. The vascular endothelium, with a total weight of about 2±4 kg, is the major endogenous NO source. Quantitatively, the capillary endothelium makes up the major fraction of all vascular endothelium. Hence, NO formed in the capillary endothelium may be regarded as a major source of plasma nitrate. The concentration of plasma nitrate did, however, not differ between obese and lean women and there was no relationship with UAE or heart rate variability.
In summary, in the prediabetic condition of abdominal obesity, we have reported an inverse association between urinary albumin excretion and heart rate variability which has earlier been reported in insulin-dependent diabetic subjects. Speculatively, one might consider that this relationship might be an early sign of the well-established pathological phenomena in endothelial and autonomic nervous functions in NIDDM, and may contribute to the increased risk of cardiovascular mortality associated with abdominal obesity. The importance of this possibility motivates further studies.
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